Organisms engage in multiple species interactions simultaneously. While pollination studies generally focus on plants and pollinators exclusively, secondary robbing, a behavior that requires other species (primary robbers) to first create access holes in corollas, is common. It has been shown that secondary robbing can reduce plants' female fitness; however, we lack knowledge about its impact on male plant fitness.
Mutualisms are prone to exploitation, in which organisms obtain benefits or rewards while providing no benefits to the partner in return (Bronstein, 2001 ). Just as organisms may interact with multiple mutualists simultaneously or sequentially, they may also interact with multiple exploiters. For example, Pseudocabima (Pyralidae) caterpillars usurp territory on Cecropia (Urticaceae) saplings from mutualistic ant defenders and simultaneously promote colonization by a fungal pathogen that persists inside of Cecropia domatia in the absence of ants (Roux et al., 2011) . Similarly, pollination mutualisms can experience exploitation from nectar larcenists that obtain nectar from flowers using behaviors that generally do not lead to pollination (Irwin et al., 2010) . Primary nectar robbers feed on nectar through holes they chew through the corollas, in turn opening opportunities for subsequent exploitation by secondary robbers, species that can remove nectar through those same chewed holes (Inouye, 1980) . These organisms generally remove nectar through the chewed holes in a similar way as primary robbers, but may directly or indirectly inflict fitness costs beyond those inflicted by primary robbers. Secondary robbing is common, with at least 315 reports from 117 plant species in 34 families reported thus far, and many more species are reported as secondary robbers than primary robbers (Irwin et al., 2010 and unpublished data) . Additionally, nectar thieves collect nectar in a manner that precludes pollination but that does not damage floral tissue (Inouye, 1980) . In general, multispecies interactions can result in additive and in some cases non-additive fitness effects (Morris et al., 2007) , and sometimes differential effects through components of male and female plant reproduction (Schaeffer et al., 2013) . However, in contrast to a growing understanding of multispecies interactions (Strauss and Irwin, 2004; Nunn et al., 2014) , we know comparatively little Consequences of secondary nectar robbing for male components of plant reproduction Sarah K. Richman 1, 2, 4 , Rebecca E. Irwin 2, 3 , John T. Bosak 1, 2 , and Judith L. Bronstein 1,2
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Multispecies exploitation may lead to unexpected consequences for whole-plant fitness via differential effects on female and male functions. The majority of flowering species are hermaphroditic. Nonetheless, most studies quantify the effects of species interactions on whole-plant reproduction using female components of reproduction as a surrogate (Stanton et al., 1986) . While male and female components of reproduction often respond similarly to abiotic and biotic interactions (Schaeffer et al., 2013) , there are also cases of sexual conflict (Barrett, 2002) , in which environmental contexts that make plants better male parents do not make them better female parents, and vice versa (Contreras and Ornelas, 1999; Madjidian, 2009 ). In particular, although this generalization has been debated (Wilson et al., 1994) , theory predicts that female components of plant reproduction should be more limited by resources, whereas male components should be more limited by mating opportunities (Bateman, 1948) . Given that nectar robbing can indirectly affect plant reproduction via changes in pollinator behavior and subsequent mating opportunities, and that several studies show that robbing results in reductions in male components of plant reproduction (Irwin et al., 2010 , and references therein), there is reason to suspect that secondary robbing may have additional effects on male components of plant reproduction beyond that of primary robbing alone. This may be especially true in cases where pollinator behavior is strongly affected by nectar availability. The degree to which secondary robbing affects male components of plant reproduction beyond that of primary robbing is unknown.
The goal of this work was to assess if and how additional exploitation by secondary nectar robbing affects male components of plant reproduction. We studied the hummingbird-pollinated plant Ipomopsis aggregata (Polemoniaceae) which experiences primary robbing by bumble bees and secondary robbing by bumble bees, flies, and wasps. Nectar robbing has been shown to reduce Ipomopsis female fitness, i.e., it discourages pollinator visitation, which leads to reduced fruit and seed set (Irwin and Brody, 1998, 1999) . Moreover, secondary robbing of Ipomopsis results in a greater female fitness reduction than primary robbing alone (Richman et al., 2017) . Nectar robbing also reduces estimates of male reproduction in Ipomopsis, including pollen donation and the number of seeds sired, due to hummingbird-pollinator avoidance of robbed plants and flowers (Irwin and Brody, 1999, 2000) . However, Irwin and Brody (1999, 2000) did not separate the effects of primary and secondary robbing on male components of plant reproduction, which we do here. First, we asked whether secondary nectar robbing affected pollinator visitation and subsequent pollen (dye) donation beyond that of primary robbing. Hummingbird pollinators have been shown to avoid unrewarding flowers in this system, although the exact cue they use remains a mystery (Irwin, 2000) . Because robbing of Ipomopsis indirectly decreases pollinator visitation via decreasing nectar rewards (Irwin and Brody, 1998) and secondary-robbed flowers generally receive fewer visits than primary-robbed flowers (Richman et al., 2017) , we predicted that plants with secondary-robbed flowers would donate less pollen. Second, finding effects of robbing in general on pollinator behavior, we then explored whether the effects of robbing on pollinator visitation are mechanistically equivalent to chronic nectar removal by any other visitor, or if robbing inflicts unique additional effects on pollinator visitation that cannot be predicted simply from the removal of nectar. Secondary robbing can result in chronic nectar removal from flowers, as can high visitation rates by pollinators, although the former does not result in pollen deposition in this system whereas the latter does (Irwin et al., 2015) . Observing hummingbird-pollinator foraging on these different flower types may provide additional insight to the cues they use while making foraging decisions. By addressing the effects of primary as well as secondary robbing on components of male fitness, which is underexplored relative to female fitness, this work, combined with prior research, provides empirical insight into the total plant fitness costs associated with multispecies exploitation of pollination.
MATERIALS AND METHODS

Study System
We studied Ipomopsis aggregata (Pursh) V.E. Grant (Polemoniaceae; hereafter Ipomopsis) at the Rocky Mountain Biological Laboratory (RMBL, elevation 2895 m), Crested Butte, Colorado, USA. Ipomopsis is a monocarpic, perennial, self-incompatible herb that produces approximately 50 red, tubular flowers on (usually) a single stalk from mid-June to mid-August (Waser, 1978) . The hermaphroditic flowers are protandrous, with male phase lasting 1-2 days and female phase lasting 2-3 days (Waser, 1978) . Pollen is dispersed an average of 1.27-2.63 m from the parent plant (Campbell and Waser, 1989) ; because seed dispersal is limited, pollen movement is thought to be a major component of gene flow (Levin and Kerster, 1974; Campbell and Waser, 1989) . Flowers continually produce nectar at a rate of up to 5 μL/day and nectar removal does not affect subsequent nectar production rate (Pleasants, 1983) . Broad-tailed (Selasphorus platycercus, Trochilidae) and rufous (Selasphorus rufus) hummingbirds visit Ipomopsis flowers for nectar rewards and are the primary pollinators (Mayfield et al., 2001) . The bumble bee Bombus occidentalis (Apidae) primary-robs Ipomopsis flowers by piercing the corolla tissue using toothed mandibles, generally removing all available nectar, and will pierce holes in up to 80% of flowers per plant (Irwin and Brody, 1998) . Nectar production continues following a primary robbing event (Irwin et al., 2015) , which encourages secondary robbing by other bumble bee species, including Bombus bifarius, as well as by other wasp and fly species that may lack the mouthparts required to act as primary robbers.
Field methods
(1) How does secondary robbing indirectly affect hummingbirdpollinator visitation and pollen (dye) donation beyond that of primary robbing?-We potted 60 budding Ipomopsis from a population south of the RMBL (GPS: 38.7806 N, −106.8703 W) on 7 June 2016 and maintained plants in an enclosure. We measured the height of each plant to the nearest cm to use as a covariate in statistical analyses, as prior research has shown that taller Ipomopsis are more likely to be visited by pollinators (Brody and Mitchell, 1997) . We randomly assigned 20 plants each to three treatments applied at the whole-plant level: (1) Primary robbing (all flowers on each plant were primary robbed one time), (2) Primary and secondary robbing (all flowers on each plant were primary robbed and then secondary robbed once daily), and (3) Control (no robbing). We applied treatments for six consecutive days and started pollinator observations on the second day of treatments. All flowers in all treatments were physically handled to control for effects of touching flowers.
To simulate primary robbing, we cut a ~1 mm hole in the side of the corolla with dissecting scissors and removed all available nectar with a 10 μL microcapillary tube (Drummond Scientific, Broomall, Pennsylvania, USA) inserted into the hole. These experimental robbing techniques do not damage nectar-producing structures in flowers (Irwin and Brody, 1998; Irwin et al., 2015) and simulate natural robbing in terms of effects on hummingbird pollinator visitation and plant reproduction (Irwin and Brody, 1998) . To simulate secondary nectar robbing, we inserted a 10 μl microcapillary tube into the primary robbing holes to remove any additional nectar that was produced once daily (as in Richman et al., 2017) . Every day that robbing treatments were performed, we also recorded the number of open flowers on each plant
Following robbing treatments, we placed plants into the field in a 6 × 10 m array with 1-m spacing between plants, matching spacing of Ipomopsis individuals in natural populations. Treatments and plants were assigned randomly to array positions at the start of the experiment and were kept in those same positions daily. After placing plants in the field each day, we observed pollinator behavior for at least 3 hr. Observations began on the second day of treatment applications, to allow for a difference in nectar volume between primary-and secondary-robbed flowers. For each hummingbird that entered the array, we recorded species and sex, plants visited, and the number of flowers probed per plant. Afterwards, we returned plants to the enclosure until the next day of treatments and observations.
To estimate pollen donation, we used powdered fluorescent dyes as pollen analogues (Series JST-300, Radiant Color, Richmond, California, USA). In Ipomopsis, mean dye donation provides a reliable estimate of mean pollen donation (Waser and Price, 1982) . We used three dye colors, each assigned at random to one of the treatments. On 14 June 2016, half of the plants in each treatment were randomly chosen to act as dye donors and the other half of the plants in each treatment as recipients. Dye was applied to the anthers of flowers in male phase with dehiscing pollen using a flathead toothpick. We recorded the number of flowers dyed per donor plant as well as the number of flowers open. Dye was applied in the morning just after placing plants into the field. At the end of the approx. 3-hr pollinator observation period, we collected stigmas from 20% of the female-phase flowers from recipient plants. We counted the number of dye particles of each color on each stigma using a dissecting microscope (as in Irwin and Brody, 1999) . We repeated this procedure on 17 June 2016, switching the donor and recipient plants, and re-assigning treatments at random to dye colors. Ipomopsis flowers on the experimental plants were lasting approx. 3 d (R.E. Irwin, personal observation); thus, with at least 3 d between dye applications, we ensured that any dye from the previous application was no longer in the array on dehiscing flowers or open stigmas. For each recipient plant, we calculated the mean number of dye particles donated to recipient plants per treatment per flower dyed (similar to Dudash et al., 2011) . Calculating dye donation on a per-flower dyed basis controlled for any differences in the number of flowers dyed in the three treatments (Campbell, 1989) .
Statistical analyses-To test whether robbing treatments affected hummingbird foraging behavior, we calculated visitation rate as the number of times plants were visited multiplied by the mean proportion of flowers probed. We used ANCOVA to test if robbing treatment affected hummingbird visitation rate with plant height and mean floral display size as covariates. Neither covariate had a significant effect on hummingbird visitation rate (F 1,55 ≤ 1.17, P ≥ 0.28) and were removed from the final analysis.
To test whether robbing treatments affected pollen (dye) donation per flower dyed, we used a linear mixed model with robbing treatment, round of dye application, and their interaction as fixed factors. The interaction between robbing treatment and round of dye application was not statistically significant (F 2,104 = 1.86, P = 0.16) and so was removed from the final model. Because recipient plants could receive dye from all three donor colors, we included plant ID as a random effect in the analysis to account for observations of multiple dye colors donated to recipient stigmas. Analyses were performed using JMP Pro version 13.0.0 (SAS Institute, Cary, North Carolina, USA).
(2) Are the effects of secondary robbing on pollinator visitation equivalent to chronic nectar removal by pollinators?-We conducted whole-plant manipulations to simulate nectar robbing and chronic nectar removal in late June and early July, 2016. We transplanted 60 single-stalked, budding Ipomopsis from a single population at the RMBL (GPS: 38.9585 N, −106.9875 W) into individual pots. Plants were subsequently maintained in an enclosure. We measured the height of each plant to the nearest cm to use as a covariate in statistical analyses.
We randomly assigned 20 plants each to one of three treatments: (1) Primary and secondary robbing; (2) Chronic nectar removal; and (3) Control. Nectar robbing was performed as described above. In the chronic nectar removal treatment, we removed nectar from all open flowers daily through the floral opening as a pollinator would using 10 μL microcapillary tubes. Treatments were performed daily in the morning before placing plants into the field, and we counted the number of open flowers.
Plants were placed into a field array as described above. Pollinators were observed for 9 d, starting at 0830 until 1500 or until 10 foraging bouts had been observed. We define a foraging "bout" as the time interval between a hummingbird's first approach to any plant in the array and its departure from the array. We limited daily observations to 10 foraging bouts to ensure that hummingbird pollinators experienced assigned treatments and not emptied flowers even in the control treatment. We used a digital voice recorder to record the species and sex of the floral visitors, which plants were visited, and the number of flowers probed per plant. At the end of daily observations, the plants were returned to the enclosure.
Statistical analyses-We used ANCOVA to test whether treatments affected hummingbird pollinator visitation rate (number of times plants were visited per day multiplied by the mean proportion of flowers probed) with plant height (cm) used as a covariate. Finding significant effects of nectar treatment on hummingbird visitation rate (see Results), we then used similar ANCOVAs to assess the degree to which the number of times plants were visited or the proportion of flowers probed was driving the behavioral results. All significant ANCOVAs were followed by Tukey HSD test to assess pairwise treatment comparisons. Analyses were performed in R version 3.3.1 (R Development Core Team, 2016).
RESULTS
(1) How does secondary robbing indirectly affect hummingbird pollinator visitation and pollen (dye) donation beyond that of primary robbing?-We recorded 53 hummingbird foraging bouts over five observation days. All but one were made by male broad-tailed hummingbirds (Selasphorus platycercus) (at least two individuals) with the remaining bout by a female broad-tailed hummingbird. Robbing treatment had a significant effect on hummingbird visitation rate (F 2,57 = 4.86, P = 0.01), with plants in the Control treatment experiencing at least 20% higher pollinator visitation rate than either of the robbing treatments (Fig. 1A) . A post-hoc analysis revealed no significant difference in pollinator visitation rate between plants in the Primary vs. Primary and secondary treatments (P > 0.05). The difference in pollinator visitation rate between Control and robbing treatments was driven by a reduction in the number of times that robbed plants were visited (Mean ± SE = 8.90 ± 0.60, 6.65 ± 0.59, 6.45 ± 0.61 visits for Control, Primary robbing, and Primary and secondary robbing, respectively; F 2,57 = 37.02, P = 0.009); there was no difference in the mean proportion of flowers probed per visit (Mean ± SE = 0.53 ± 0.03, 0.50 ± 0.04, 0.50 ± 0.04 for Control, Primary robbing, and Primary and secondary robbing, respectively; F 2,57 = 0.17, P = 0.84). Plants displayed a Mean ± SE number of flowers of 15.02 ± 1.30, 12.18 ± 0.85, 11.09 ± 1.38 for Control, Primary robbing, and Primary and secondary robbing, respectively.
Changes in pollinator visitation to robbed plants produced changes in pollen (dye) donation. We found a significant effect of robbing treatment on pollen (dye) donation, with plants in the Control treatment donating at least 78% more dye per flower compared to plants in either robbing treatment (F 2,106 = 3.14, P = 0.047). Plants in the Primary robbing treatment donated twice the dye as plants in the Primary and secondary robbing treatment, but a posthoc analysis revealed that this difference was not statistically significant (P > 0.05; Fig. 1B) . Finally, plants in the second round of dye application donated 89% more dye per dyed flower than plants in the first round of dye application (F 1,52 = 5.81, P = 0.02).
(2) Are the effects of secondary robbing on pollinator visitation equivalent to chronic nectar removal by pollinators?-We observed 214 foraging bouts by broad-tailed hummingbirds (Selasphorus platycercus). Three bouts were made by female hummingbirds with the remaining bouts by males. Hummingbird visitation rate was 44% higher in the Control treatment than either the Primary and secondary robbing and Chronic nectar removal treatments (F 2,55 = 5.98, P = 0.004; Fig. 2A) . A post-hoc analysis revealed both pairwise comparisons with the Control treatment to be statistically significant (Control vs. Primary and secondary robbing, P = 0.01; Control vs. Chronic nectar removal, P = 0.01). However, there was no difference in visitation between the Primary and secondary robbing treatment and the Chronic nectar removal treatment (P > 0.05), suggesting that nectar removal in both treatments yielded similar effects on pollinator visitation rate. For the covariate, taller plants experienced a higher visitation rate (F 1,55 = 8.19, P = 0.006).
The effect of the treatment on visitation rate was driven by a difference in the mean proportion of flowers probed per plant (F 2,55 = 3.94, P = 0.02). Plants in the Control treatment experienced a 27% and 35% higher proportion of flowers probed compared to the Primary and secondary robbing and Chronic nectar removal treatments, respectively (Fig. 2B) . A post-hoc analysis revealed the difference between the Control and Chronic nectar removal to be the only significant pairwise comparison (P = 0.02). The effect of treatment on number of visits per day showed the same general pattern as the proportion of flowers probed, with the Control plants receiving more visits than either robbing treatment (mean ± SE = 0.60 ± 0.06, 0.47 ± 0.05, and 0.47 ± 0.06 for Control, Chronic nectar removal, and Primary and secondary robbing, respectively). However, this pattern was not statistically significant (F 2,55 = 2.58, P = 0.09). The covariate plant height revealed that taller plants experienced more visits overall (F 1,55 = 17.00, P < 0.001). Plants displayed a mean ± SE number of flowers of 4.93 ± 0.35, 4.68 ± 0.34, 3.74 ± 0.27 for Control, Chronic nectar removal, and Primary and secondary robbing, respectively).
DISCUSSION
Exploitation of mutualism via primary nectar robbing can result in opportunities for additional exploitation via secondary nectar robbing; however, studies documenting the combined effects of multispecies exploitation are lacking. Furthermore, despite the high frequency of secondary nectar robbing in nature (Irwin et al., 2010) , its fitness consequences for male components of plant reproduction and the mechanisms that might underlie such effects have been minimally explored. Here, we report that the effects of additional exploitation by secondary nectar robbers may be strong for some components of plant fitness (i.e., female function; Richman et al., 2017) , but weaker for others (i.e., as shown here, male function).
Robbing did reduce per-flower pollen donation relative to control plants, but we did not detect a significant difference between primary and secondary robbing. Additionally, hummingbird pollinators were no more likely to avoid secondary-robbed flowers than they were to avoid intact flowers that had experienced chronic nectar removal, suggesting that robbing per se does not affect pollinator visitation rate. Hummingbirds generally rely on a variety of cues to make foraging decisions, and possess the ability to learn and remember rewarding plants and flowers from complex information and signals (González-Gómez et al., 2011) . Our results indicate that several different cues may influence hummingbird foraging decisions in the presence of nectar robbers and other organisms that reduce nectar standing crops.
Effect of nectar robbing on estimates of male plant reproduction
We found no evidence that secondary nectar robbing reduced pollen donation even more than the effect of primary robbing. While robbed flowers donated significantly less pollen on a per-flower basis relative to the control, there was no statistically significant difference between primary robbing vs. primary plus secondary robbing on pollen (dye) donation per flower dyed. There was also a difference in overall dye donation between the two rounds of dye application, with lower overall visitation during the first round. This may be attributed to risk-averse behavior of hummingbirds when first presented with a new resource patch, i.e. the floral array (Valone, 1992) . Other factors that affect within-season variation in hummingbird-pollinator foraging frequencies, such as weather, may also have played a role in the differences observed between rounds. The daily high temperature was approximately 10°C lower on the day we applied dye the first round compared to the day we applied dye the second round; however, temperatures were similar for each following day, when hummingbirds were also foraging (R.E. Irwin, personal observation). The difference in dye donation across treatments matches expectations based on our measurements of hummingbird-pollinator behavior, in which hummingbirds reduced rates of visitation to both robbing treatments relative to the control. However, there was no difference in visitation rate between the two robbing treatments. Thus, this work suggests that within the context of our experiment, hummingbird pollinators were most sensitive to initial nectar removal (via primary robbing), and avoid plants they deem as unrewarding after an initial, unsuccessful visit. Visual and spatial cues are likely driving this behavior, either independently or in combination. Hummingbirds could use the presence or absence of robber holes as a visual cue that provides information about rewarding or unrewarding plants or flowers. Additionally, because individual plants were returned to exactly the same spot in the array each day, hummingbirds might have used spatial memory to locate rewarding and unrewarding plants. Visual reward association has been shown in Hylocharis leucotis (Trochilidae) hummingbirds foraging on natural Penstemon (Plantaginaceae) populations. Pérez et al. (2011) found that birds were more likely to locate rewarding flowers when floral nectar guides were present. However, spatial memory of rewarding flowers tended to override decisions made using visual cues, as has been reported in other systems (Hurly and Healy, 1996) . In another study with artificial flowers, rufous hummingbirds (Selasphorus rufus) were better able to identify rewarding flowers based on location rather than color or floral pattern cues (Hurley and Healy, 2002). We did not explicitly test reward association with visual or spatial cues, as we did not keep track of individual bird behavior during the experiment. Given our results, future studies that assess the mechanisms by which hummingbirds locate and remember rewarding plants and flowers in the context nectar robbing will be valuable for predicting the effects of pollinator foraging patterns on male plant fitness. Primary and secondary robbing resulted in similar effects on pollen (dye) donation (an estimate of male plant reproduction; Schaeffer et al., 2013) . In contrast, prior work found that secondary robbing resulted in additional reductions in female plant reproduction relative to primary robbing alone (Richman et al., 2017) . In both studies, the fitness reductions between robbing treatments or relative to control (unrobbed) plants can be attributed to fewer mating events resulting from changes in pollinator behavior. These differences in results between studies are intriguing in the context of Bateman's principle, which predicts male fitness should be more sensitive to missed mating opportunities than female fitness (Bateman, 1948) . However, alternative hypotheses posit that this need not always be the case (Wilson et al., 1994) . For instance, it has been argued that missed mating opportunities should negatively affect female fitness as well, if the species experiences pollen limitation (Burd, 1994) . There is evidence that Ipomopsis is pollen-limited, although this may be spatiotemporally variable (Hainsworth et al., 1985) . In other systems, effects on male versus female fitness can be highly variable, with no clear pattern of greater success as a male versus a female parent. However, floral attractiveness to pollinators seems to be a factor in male and female fitness. For example, components of male and female success were correlated with unique floral morphological characteristics (which presumably contributed to pollinator attraction) in Polemonium viscosum Nutt. (Polemoniaceae), and therefore did not experience differential male-female performance (Galen and Stanton, 1989) . Third-party interactions with herbivores (which can affect floral displays) have been shown to either increase (Carper et al., 2016) or decrease (Mutikainen and Delph, 1996) male performance relative to female performance, due to indirect effects via pollinator behavior and pollen tube growth limitation, respectively. Future work that measures the effects of secondary robbing on male and female function on the same plants will yield additional insight, especially if male and female performance as a function of robbing is spatiotemporally variable. It will also be important to measure the key pollinator behaviors that drive each component of plant reproduction.
Nectar robbing versus other forms of nectar removal
Hummingbird pollinators foraging on Ipomopsis visited plants at the same rate whether flowers had been secondary robbed or whether flowers without robber holes had been chronically drained from the corolla opening. This was true for both components of the calculated visitation rate (proportion of flowers probed per visit, number of visits per day), although we only detected a statistically significant difference between control and robbing treatments for the proportion of flowers probed. Interestingly, these results contrast with our experiment testing hummingbird foraging responses to different levels of nectar robbing, in which differences in visitation rate were driven by the number of visits per plant per day rather than the proportion of flowers probed. Given these contrasting results, hummingbirds may be making foraging decisions at the flower level as well as the plant level when flowers without robbing holes do not consistently offer nectar rewards. Another reason for the contrasting results between studies may have to do with the difference in total number of observations and number of days of the experiment (53 observations over 5 days in Experiment 1 vs. 214 observations over 9 days in Experiment 2). Assuming the same individual birds were foraging within experiments, foraging over more days may provide experience that hummingbirds might use to make more complex or hierarchical decisions, i.e., decisions at the flower level rather than the plant level (Bateson et al., 2003) . However, it is important to note that we have no way of knowing the relative amount of experience in birds observed in our experiments.
Hummingbirds in this experiment visited both unrewarding treatments at the same rate, even though robber holes were present in only one of the treatments. This lends support to the idea that, at least at the flower level, hummingbirds are not using the presence of a robber hole to discriminate between rewarding and unrewarding flowers, although they may do so at the plant level, as was discussed in the first experiment. The result that hummingbirds avoided plants with empty flowers, although not statistically significant, lends further support to the idea that they may be using spatial learning and memory to locate floral rewards, at least initially. Upon making a decision to visit a given plant, they may cue in on lack of nectar to avoid unrewarding flowers, as has been previously proposed in this and other systems. In Ipomopsis, prior experiments have shown that hummingbird pollinators can select unrobbed, rewarding plants and flowers even in the absence of spatial location cues and robbing holes (Irwin, 2000) . It has also been shown that hummingbirds will depart inflorescences more readily upon encountering unrewarding flowers (Wolf and Hainsworth, 1986) , which is consistent with our result of hummingbirds probing fewer flowers on unrewarding plants. The same pattern has been shown in rufous hummingbirds (Selasphorus rufus) foraging from artificial inflorescences (Biernaskie et al., 2002) .
Hummingbirds may benefit from regularly assessing reward (nectar) level in given flowers, as many factors can affect levels of nectar standing crops. For instance, continual visitation not only by pollinators but also by nectar thieves will affect the proportion of rewarding flowers on a plant. Nectar reduction by nectar thieves reduced hummingbird visitation and seed production in Bouvardia ternifolia (Cav.) Schltdl. (Rubiaceae) (Torres et al., 2008) . Conversely, nectar-thieving mites stimulated nectar production in Moussonia deppeana (Schltdl. & Cham.) Hanst. (Gesneriaceae), resulting in increased visitation by hummingbirds and increased seed production (Lara and Ornelas, 2002) . In both of these studies, changes in nectar availability seem to be the cue that affects bird foraging decisions and behaviors. Furthermore, if additional visitation by nectar thieves does not always reduce the likelihood that a given flower is rewarding, hummingbirds may be more likely to evaluate individual flowers than entire plants. Given the challenges hummingbirds face in meeting their daily energetic requirements (Wolf et al., 1972) , there may be strong selection for them to cue in on nectar to make foraging decisions, particularly if the presence vs. absence of robber holes is not a reliable indicator of nectar rewards. Future mechanistic experiments that determine the proximate cues that hummingbird pollinators use to avoid robbed plants and flowers will yield important ecological insight, as will experiments that explore the sensitivity of hummingbirds to small differences in nectar standing crops. It would also be valuable to assess pollinator foraging in response to finer-scale differences in nectar volume, such as between-flower, within-plant differences.
